In recent decades, design and construction have had to specialize, which has gradually fragmented the industry. This scenario is relevant in hospital projects, where a large number of specialties interact, especially when the operation of the center must be guaranteed. For this reason, it is essential to reduce the communication time between workers and decision-makers to respond quickly to unexpected problems. The purpose of this article is to describe the use of Visual Management using Building Information Modeling (BIM) to deliver task instructions in the field. A case study of a Chilean healthcare center is described, whereby through the active participation of the consulting team, the use of BIM-based sheets as visual instructions was gradually implemented, taking as input the BIM product and process models. The most relevant results were the fulfillment of the initially estimated deadlines without the delays that historically occurred in these types of projects and the reduction of response times for requests for information. It can be concluded that the use of these BIM-based sheets directly addresses the root causes of information management problems in construction and that it is essential to use technology within a Lean collaborative methodology.
INTRODUCTION
Studies of construction projects in the field reveal that only 30% of the work is productive and 70% are used in activities that do not add value, such as waiting time for instructions, moving materials or finding the right equipment (Elfving 2007) ; in contrast, acceptable productive time is 60% (Serpell 2002) . Productivity has been shown to be strongly linked to the achievement of sustainable growth and development. In particular, construction productivity has remained stable for decades, unlike the manufacturing industry where productivity has doubled in the same period (Changali et al. 2015) .
Current construction projects are becoming increasingly complex and time-bound and require a high level of collaboration between the design team, the developer and the project construction team. To successfully carry out the project, the team faces the challenge of coordinating multiple activities and tasks with numerous specialists in an efficient manner, allowing for increased productivity and a continuous workflow .
In recent decades, as a result of the growing complexity of projects, design and construction have had to specialize, leading to a gradual fragmentation in the industry (Dainty et al. 2001; Love et al. 2002) , where the number of specialties involved increases in relation to the complexity of the project. Generally, design and construction teams work at different stages of the project, and their interaction is mainly through plans, technical specifications, Request for Information (RFI), etc. (Sacks 2014 ). This information is dispersed in different documents, with limited structure and available in inadequate visual formats, slowing down processes, hindering information flows and increasing response latency (Mourgues et al. 2007 ). The workflow described above does not respond to the requirements of current projects, as they demand a high level of interaction requiring new management approaches and technologies to respond to these challenges.
This scenario becomes even more relevant in regard to hospital projects, where a greater number of specialties and their work teams interact, and a high standard of construction quality is required (Dave et al. 2015; Rybkowski et al. 2012) . In cases where the project is an extension or remodeling of an existing infrastructure, the difficulty of guaranteeing operational continuity without neglecting the service provided to the patient (brownfield project) is added.
To increase agility and respond rapidly to unexpected problems, it is essential to shorten the communication time between workers and decision-makers (Hamzeh et al. 2012; Mourgues et al. 2012) . There is currently software focused on task planning with visual systems that allow stakeholders to work collaboratively (Sacks et al. 2010) .
Typical root causes of problems related to information management in construction are as follows: (1) information that is not in a visual format, (2) stratified and unstructured information, and (3) unmanageable digital formats. Table 1 shows the root causes of these problems and links them to the types of waste that is generated (Laine et al. 2014 ).
Visual Management (VM) is one of the key elements for the correct implementation of Lean Production, as it provides an easy way to understand the production information (Liker 2003) . In recent years, there has been an increase in the use of Building Information Modeling (BIM) in construction; it is therefore interesting to link this methodology with Visual Management (Khanzode et al. 2006 ). The use of the BIM methodology with VM would help to correct the waste identified in Table 1 . An example of this is the experience reported in the use of BIM-station onsite. BIM stations are tools to improve transparency of information in the field for all stakeholders, where the BIM coordinator keeps the models and drawings updated through a server (Murvold et al. 2016) .
The objective of this paper is to describe the use of Visual Management using BIM to deliver instructions on the tasks that must and can be done in the field. To fulfill this objective, a case study of a hospital in Chile is described, whereby through the active participation of the consulting team, the use of visual instruction sheets was gradually implemented, using the BIM product and process model as input information.
BACKGROUND BUILDING INFORMATION MODELING (BIM)
For the purpose of this article, we use the BIM definition given in the BIM Handbook (Eastman et al. 2011) , which defines it as a modeling technology and associated set of processes to produce, communicate, and analyse building models. Despite these technological developments, BIM is significantly less used in execution, where paper drawings (generated in 2D) still dominate (Murvold et al. 2016) . One of the most common problems associated with 2D-based communication during the design phase is the considerable time and expense required to generate critical assessment information about a proposed design, including cost estimates, energy-use analysis, and structural details. (Eastman et al. 2011) .
VISUAL MANAGEMENT (VM)
Correct representation of information can help mitigate the complexity of production systems, even in chaotic and unpredictable production environments (Kurtz & Snowden 2003) . Therefore, VM tools can be a contribution to on-site construction management. Among the benefits of VM are that it directly supports other management efforts, such as production management, safety management, performance management, and workplace management (cleaning) (Tezel 2011) . In addition, the use of VM tools increases the ability to process information and reduces feedback time for action taking, such that control can be integrated into execution (Alvarez & Antunes 2001) . The use of virtual tools improves the transparency of planning, being an instrument for collaborative use in planning and control meetings (Viana et al. 2014) . Their other benefits may include greater discipline in the workplace, continuous improvement and work facilitation (Tezel 2013) .
INSTRUCTION ON SITE
Workplace communication is mainly based on 2D drawings and informal verbal explanations. However, due to rework related to incomprehension of design and/or construction information (Mourgues et al. 2007) or errors due to old, incorrect and irrelevant drawings (Harstad et al. 2015) , low productivity usually is the result. However, the fast development of information technologies offers new possibilities for portability and access to information on construction sites (Harstad et al. 2015) , such as the method of delivering Virtual Huddles information (workstation meetings assisted by Virtual Design and Construction VDC -3D and 4D-) (Mourgues et al. 2007) ; the use of tablets to achieve communication between design and construction professionals (Harstad et al. 2015) ; the development of an automated method (FIPAPM, Field Instructions from products and process models) such that the user can produce working instructions based on formats or templates using VDC (Mourgues et al. 2012) ; or BIM stations, placed on the construction site, where workers can access the information they need, having 3D models available for all (Murvold et al. 2016) .
IMPLEMENTATION METHODOLOGY
To achieve this objective, a case study of a healthcare center in Chile is described. Through the active participation of the consulting team from GEPRO and researchers from the Production Management Center of the Catholic University of Chile (GEPUC), the use of visual instruction sheets was gradually implemented, using the BIM product and the process model as input information. The case study was intervention of consulting team in development of design and construction of the project, for 18 months approximately.
The consulting team was tasked with supporting the owner in project management to ensure deadlines and quality standards. To guarantee the fulfilment of these objectives, Lean and BIM were planned to implement together and form an integrated project team, where owner, designers, contractors and consultants would actively participate. Using BIM, it is possible to build precise virtual models of a building, which support design through its different phases, allowing better analysis and control than in a manual process (Eastman et al. 2011) . When the models are finished, they contain the geometry and information needed to support the building construction and fabrication processes. The challenge faced by the consulting team was how to bring the information contained in these models to the field clearly, precisely and quickly.
Through experience acquired in other projects, the consulting team was certain that the field workers themselves can provide the best feedback on how to communicate the information extracted from the BIM models. Therefore, based on this feedback and supported by the collaborative environment of the project, different schematics of sheets were iterated, and testing was conducted to include information, such as 2D drawings and 3D images.
In the following sections of the paper, the case study context is described and then a mixed qualitative and quantitative analysis is presented. The qualitative analysis focuses on the degree of satisfaction of internal clients, participation and commitment in the planning and control meetings, the designer-builder relationship and the response time upon request. The quantitative approach focused on indicators of compliance with the construction deadline and RFI.
CASE STUDY CONTEXT
The case study was developed in a healthcare center in Santiago, Chile, that initially opened in 1982 with a total infrastructure of 15,000 m 2 . In 2017, the infrastructure is more than 237,000 m 2 , growth that has forced the original services to adapt to new capacities. One of these is the hospital kitchen and dining area, which daily serves 500 hospital beds and more than 4,000 employees. This service area of 1,072 m 2 had to be remodeled and extended to a surface of 3,040 m 2 while maintaining operational continuity and a strict infection control protocol, in addition to complying with an adjusted work schedule.
The brownfield condition of the project, the non-existence of as-built plans with a record of modifications made over time and the poor information on existing installations dating from 1982 made the scenario more complex. For these reasons, the engineering designs initially proposed had to be adapted to what was found in the field during demolitions, generating multiple versions during construction.
Habilitation and construction projects in this healthcare center operated under a traditional workflow, according to Figure 1 . The design team, composed of architects and engineers, delivered a set of 2D plans and technical specifications in text format to the construction team, composed of the contractor and subcontractors. These documents were the main communication tools between the teams. Historically, this workflow brought problems of interpretation, lack of information or verification of constructability, poor coordination between the specialties and lengthy response times, which compromised the execution of the deadline driven project.
With this incomplete information, the owner ordered design of the main engineering works (climate, electrical, sanitary and sewerage), with the goal of evaluating the technical-economic feasibility of the project, in order to subsequently bid the construction based on a design-bid-build system.
Parallel to the bidding process, the consulting team moved to site permanently to update information of existing infrastructure in-situ, by means of direct observation, as conditions of constructed building made impossible the use of advanced technologies (i.e. laser scanner). With the updated information, BIM model of existing elements was made, that when compared with basic engineering designs revealed incompatibilities and inconsistencies between them. So, it was necessary to adjust the design to achieve a buildable project.
As a result, a coordinated BIM model was already in place in early stages of construction, including existing and planned infrastructure. Model that would be used as a working tool during execution of project.
BIM VISUAL MANAGEMENT PROPOSAL
Given the project scenario and to ensure its success, it was necessary to change the approach and introduce methodologies and tools to respond to the problems associated with traditional design-build flows. To address the resolution of these problems, it was decided to implement Lean and BIM together as an alternative to the workflow presented in Figure 1 . Last Planner System (LPS) techniques and BIM models were indispensable for planning, recording, adapting and coordinating projects in real time. The BIM sheets have been transformed into working instructions for Mechanical, Electrical and Plumbing mounting. The new workflow (Figure 1 ) and the expanded design team (architecture, specialties, client, users and consultants) provides the construction team with a coordinated product model (BIM), which is the main vehicle for communication between the teams. The instruction to generate a BIM sheet comes from a need that is identified in the weekly Last Planner System® (LPS) planning meetings and carried out by the integrated project team (extended design team and construction team), and it is based on the work planned for a given period.
As construction progresses, the on-site builders are responsible for the pull signals, determining the BIM sheets that will be required to support the corresponding field work or construction work. Once this signal is emitted, the project's BIM team prepares the sheets for on-site use. These BIM sheets are intended to provide visual information in a consolidated and precise way, under a standard structure and in a format compatible with the execution, since they can be printed in a manageable format (A3) and taken directly to the field. This addresses the root causes of waste related to construction information management, as described in Table 1 . The Supplier-Input-Process-Output-Customer (SIPOC) diagram of the BIM sheets process is shown in Figure 2 . Each sheet is presented in an A3 format which contains a series of drawings and images obtained from the updated and coordinated BIM model. Generally, the information contained on these sheets consists of a floor plan, 3D images and sections to effectively communicate the solution of a complex sector of the project (i.e. Figure 3) . The elements included in each A3 sheet were defined at the weekly LPS meeting and respond to specific requirements of each sector or specialty.
BIM sheet contains different 3D images and 2D drawings, depending on the need of each subcontract. The previous work of coordinating the designs of the specialties in a BIM model and its previous verification with the installers in the weekly meetings, ensured that in addition to compatible and error-free designs, A3 sheets were obtained with the specific information requested by those who would use them.
This experience was the first incursion of the construction company in the use of LPS to manage planning and BIM for the coordination of specialties, so in conjunction with the consulting team was chosen to use simple means and not too disruptive.
The final evaluation of the construction company, client, designers, suppliers and subcontractors was positive, highlighting that they achieved greater reliability in the construction processes and certainty of deadlines. In an interview at the end of the process, 76% of the respondents stated that the use of the cards was decisive in saving time in the field. 46% stated that they had interacted directly with the model on some occasion to resolve conflicts virtually. Finally, 67% consider the BIM model and the A3 sheets as a fundamental communication tool in the field.
Considering the initial conditions of the project and the uncertainty at the time of construction, a large amount of RFIs could have been generated, which would have led to continuous review and clarification of problems. With the proposed methodology, the number of RFIs was significantly reduced, as the problem-solving was carried out in the working meetings with the integrated team, recorded in the BIM model and taken to the field in a sheet format. Fifty-six BIM-based sheets were generated in addition to the traditional construction documents (plans, technical specifications, RFI), during the execution of this project over a nine-month period.
The BIM sheet ( Figure 3 ) was used as a systematic communication tool for coordination of specialties and conflict resolution in site. The process and solution embodied in the file, brought together the efforts of all actors promoting a collaborative climate and committed to work, achieving greater integration of the end user, who contributed with their operational experience to improve efficiency in the life cycle and not only during design and construction. Among the quantitative data, the estimated deadlines for execution of the work were met without delays. This should be considered a success because in similar projects previously carried out by the same client, the project schedules were exceeded by 50%. Further, without the proposed methodology (Figure 1) , it was unlikely that the information required in the LPS meeting was available in due time, whereas when implementing the integrated team methodology, pull signals and work instruction sheets, the information was available just-in-time.
CONCLUSIONS
From the case study we concluded that the use of BIM tools or instruction sheets alone does not guarantee success, time related benefits or reduction of rework. It is necessary to use a collaborative working methodology in which the work processes follow the principles of the Lean philosophy. This is fundamental in complex brownfield projects with multiple and numerous specialists. The use of these sheets directly addresses the root causes of construction information management problems and of the main waste. For example, the tab visually consolidates information, deletes waiting for information, extra processing and defects. This workflow makes sense in projects where the design stages overlap with construction, better known as Fast-Track projects, because the information must be handled in a just-in-time way.
